ABSTRACT We examine the association between late-stage breast cancer diagnosis and residential poverty in Detroit, Atlanta, and San Francisco in 1990 and 2000. We tested whether residence in census tracts with increasing levels of poverty were associated with increased odds of a late-stage diagnosis in 1990 and 2000 and found that it was. To test this, we linked breast cancer cases from the Surveillance, Epidemiology, and End Results cancer registries with poverty data from the census. Tracts were grouped into low, moderate, and high poverty based on the percentage of households reporting income below the poverty level. While late-stage breast cancer rates and the number of women living in high and moderate-poverty areas declined absolutely between 1990 and 2000, estimates from our combined three-city model showed that odds of a latestage diagnosis remained stubbornly elevated in increasingly poor areas in both years. Non-Hispanic black women faced higher odds of a late-stage diagnosis relative to nonHispanic white women in both years. In separate regressions for each city, the odds ratios affirm that combining data across cities may be misleading. In 1990 and 2000, only women living in moderately poor neighborhoods of San Francisco faced elevated odds, while in Detroit women in both moderate-and high-poverty areas faced increased likelihood of latestage diagnosis. In Atlanta, none of the poverty measures were significant in 1990 or 2000. In our test of physician supply on stage, an increase in the number of neighborhood primary care doctor's offices was associated with decreased odds of a late-stage diagnosis only for Detroit residents and for non-Hispanic whites in the three-city model.
Transformed by positive growth, in-migration to major urban centers, better wages, improved labor and housing markets, many of the poorer areas within these three cities experienced economic improvement. 3, 4 Yet poverty persisted at historically high levels in 2000, especially among African Americans, and there was a rapid increase in concentrated affluence at the top. 5 A large literature has established that neighborhood poverty exerts an independent effect on health, including breast cancer diagnostic stage and survival. 6, 7 We consider whether a decade of declines in poverty levels made a difference in the likelihood of a late-stage breast cancer diagnosis for residents of poorer tracts. Specifically, we test whether residence in tracts with increasing levels of poverty were associated with greater odds of a late-stage diagnosis in 2000 as we had found in 1990. 1 We also examine data on primary care doctor's offices, available only in 2000, giving special attention to these findings for registry cases residing in Detroit. By 2000, regional economic improvements had contributed to declines in the number of people living in high poverty in Detroit. 3, 8 Yet, a spatial study by Grengs 9 found that while poverty rates declined after 1990 in Detroit, concentrated pockets of high poverty remained very much in evidence. Another study by Swanstrom et al. 10 using a relative definition of poverty based on 50% of median regional income rather than the absolute federal standard commonly used in the USA found smaller declines in high poverty for Detroit and for the nation than researchers who used the absolute poverty standard.
Early Detection of Breast Cancer
Mammography is an effective tool for detecting breast cancer early, 11 and whether a woman receives an early-or later-stage diagnosis of breast cancer is strongly associated with use of mammography. Mammography in the USA most often is referred by a primary care physician during a routine care visit, making it essential for women to have access to primary care services in order to proceed to a mammography facility as well as to obtain results and follow-up care as needed. 12, 13 The strongest predictor of mammography use for individual women is access to primary care. 14, 15 In 2000, 77% of women aged 50-64 reported having had a mammogram within the previous 2 years. 16 Poverty, race/ethnicity, and the spatial distribution of healthcare resources are important determinants of both mammography use and breast cancer stage disparities. Despite significant improvements in screening rates across all racial/ethnic groups, African-American women were still more likely to receive later-stage breast cancer diagnoses between 1990 and 1998. 17 Poorer, lesseducated women, and those without health insurance or a usual source of care are less likely to be screened for breast cancer. 16, 18 The literature shows that women living in poor areas are at especially high risk of not getting cancer screening. [19] [20] [21] Early-stage breast cancers are generally detected by mammography and access to physician services is the primary predictor for getting a timely mammogram. 22 Not having a usual source of care is associated with both low mammography rates and late-stage diagnosis, especially for low-income and racial-ethnic minorities. 23, 24 The only study on the impact of physician supply on breast cancer stage in the USA found no relation between overall physician supply and stage of breast cancer diagnosis; however, greater numbers of primary care doctors did increase the likelihood of early-stage detection. 25 City-specific case studies provide further evidence on determinants of screening and stage disparities. In Chicago, neighborhood economic distress and socioeconomic improvement in poorer areas were both independently associated with later-stage disease. 26 Gumpertz et al. 7 found a higher risk of advanced disease in Los Angeles for black women living in areas where incomes and educational attainment were low. African-American residents in poorer areas of Chicago had longer travel distance to access low or no-fee mammography facilities than other residents. 27 
DATA AND METHODS
We compare 1989-1990 breast cancer cases in three US cities, San Francisco, Atlanta, and Detroit with cases from 1999 to 2000. We chose these three Surveillance, Epidemiology, and End Results (SEER) metropolitan areas for our original study because they are characterized by large differences in socioeconomic status among residents, the existence of both high and low-income areas, and racially and ethnically diverse populations. We do not have direct information on individual screening utilization. To examine socioeconomic status, we linked individual SEER cases to the poverty level of the census tract where they lived at their time of diagnosis. Excluded were 5% (734) of the cases in 1989-1990 and 1% (220) in 1999-2000, which could not be linked in this way. Also excluded were 2% (400) of the cases in 1999-2000 which could not be matched to medically underserved area (MUA) designations from Health Resources and Services Administration (HRSA) because of missing or invalid census tract codes. All of the 1989-1990 cases were successfully matched to the MUA data. After these exclusions, our analysis is based on 12,395 registry cases in 1989-1990 and 17,582 cases in 1999-2000.
Study Population

Variables
Our dependent variable, breast cancer diagnostic stage, was coded 1 if the diagnosis was late (stages 3B or 4), 0 otherwise. The American Joint Committee on Cancer staging system, which is based on tumor size, nodal status, and metastases, was used to determine stage. 28 We use census tract-level data to indicate residential poverty and compare breast cancer cases whose poverty level is defined by their tract of residence.
Census tracts were grouped into low, moderate, and high poverty based on the percentage of households reporting income below the poverty level. Bishaw 29 provides the rationale for the use of these three poverty categories for both 1990 and 2000 census tracts. Tracts where less than 20% of the population lived in poverty were defined as low-poverty areas, tracts where 20-39% of the population lived in poverty were defined as moderate-poverty areas, and tracks where 40% or more of the population lived in poverty were defined as highpoverty areas. These area measures of residential poverty are based on the average income of all households in a tract, and may or may not characterize individual women living there.
We obtained data on the census tract location of primary care physician offices for all three cities in 2000 and matched them to 2000 SEER cases by census tract of residence. The data on primary care physician offices were obtained from a proprietary database generated by the Initiative for a Competitive Inner City (ICIC). 30 The ICIC health establishment data defines an economic unit that produces goods or services at a single physical location and is engaged in one activity. * ICIC used a city-specific template to map the number of primary care doctor's offices located at the census tract level. We also appended to SEER cases a tract measure of MUA developed by HRSA. For HRSA to designate an area as MUA, local or state officials must have provided evidence that the area met specific HRSA thresholds for primary care providers, infant mortality, poverty, and elderly populations that demonstrated their inadequate medical resources.
Analysis Strategy
Our study uses registry cases taken from 1989 to 1990 and 1999 to 2000. We estimate the association between personal and ecological residential characteristics and stage at diagnosis using logistic regression analysis. To test whether the relationship between the dependent variable and the independent variables differed by year, we combined the data from the two time periods and included a dummy variable for the registry year. The time dummy measures the impact of the explanatory variables on late-stage diagnosis net of trends or aggregate conditions. We found significant time-interaction effects. Using the Chow test analog for logistic regression, we estimated the model by pooling 1990 and 2000 registry cases and then estimated by year separately. A joint likelihood ratio test on all differences did not allow us to reject the null hypothesis of no significant difference in the model between the 2 years (X 2 =28.887, df=10; P= 0.0013). 31 Therefore, the findings are examined separately by year. Small changes in the coefficient estimations presented in our earlier 1990 study 1 from those presented here for 1990 are attributed to our use of three, instead of two, poverty level measures in this analysis, and to the elimination of the underclass variable from the 1990 estimations.
Since our previous study was published, research on all 11 SEER areas found that, between 1990 and 2001, Detroit registered the lowest breast cancer specific survival, as well as the second highest proportion of breast cancer patients with stage IV and unstaged. 32 We therefore pay special attention to city-specific results from Detroit. For the 2000 analysis, we mapped ICIC data on doctors' offices using *Shape files for primary care doctor's offices in San Francisco, Detroit, and Atlanta census tracts were generated from Dunn and Bradstreet data and provided to the researchers by programmers at ICIC. More information on ICIC is available at http://www.icic.org/research-and-analysis/research-definitions. ArcMap 9.2 and ArcGIS Desktop 9.2 software and we discuss them in light of our logistic regression findings. Table 1 shows the percentage of late-stage breast cancer diagnoses declined from 8% to 6% in the three SEER areas between 1990 and 2000. Between 1990 and 2000, the number of census tracts defined as high poverty, where 40% or more of the population lived in poverty declined from 4.15% (515/12,395) to just 1.35% (237/17,582) of all tracts. The percentage of moderate-poverty tracts also declined by 2000 from 9.84% (1,220/12,395) to 8.54% (1,501/17,582) of all tracts. In 2000, 90.11% (15,884/ 17,582) of total census tracts were defined as low poverty, up from 86% (10,660/ 12,395) in 1990. The table shows a decline in the proportion of cases identified as nonHispanic white between 1990 and 2000 and an increase in the overall percentage of cases that resided in medically underserved areas. Detroit had the largest decline in the number of high-poverty tracts, from 8% of all tracts in 1990 to only 4.2% by 2000, and the greatest decline in the proportion of late-stage diagnoses (8.6-6.5%) Figure 1 shows that women who resided in poorer areas were more likely to have a late-stage diagnosis both in 1990 and in 2000. The percentage of all cases diagnosed at a late stage increased in tandem with the residential poverty level. We had observed in 1990 that women diagnosed with late-stage breast cancer were more likely to reside in MUA, and this remained true in 2000 (data not shown). There were absolute improvements over the decade. In 1990, 16% of cases living in high-poverty tracts were late-stage diagnoses, but this fell to 15% in 2000. In 1990, 13% of cases living in moderately poor areas were diagnosed at a late stage, but this declined to 11% in 2000. In 1990, 7% of cases living in low-poverty areas were diagnosed at a late stage and, in 2000 it was 6%. Table 2 presents logistic regression estimates for the combined three-city model. In 1990, women residing in high-poverty areas had 70% greater odds of being diagnosed with late-stage breast cancer relative to women in low-poverty areas, and these odds were 80% in 2000. In 1990, women residing in moderate-poverty neighborhoods had 43% greater odds of a late-stage diagnosis relative to residents of low-poverty areas, with odds of 40% in 2000. Residence in an MUA was not significant in either year.
RESULTS
Race/ethnicity, being unmarried and increasing age was significant explanatory factors in both 1990 and 2000. In 1990, non-Hispanic black women had 33% greater odds of being diagnosed with late-stage breast cancer relative to non-Hispanic white women, and the odds were 53% by 2000. Non-Hispanic Asian/Pacific Islander women had 52% greater odds than non-Hispanic white women of a late-stage diagnosis in 1990, but they were not at significantly greater risk in 2000.
We reestimated the three-city model for 2000 to include a measure of the number of primary care doctor's office in each census tract under study. This variable was only significant in the three-city model for white women. The OR for white women is shown in Table 2 and, because the doctor's office variable is continuous, we calculated its marginal effect. The proportion of non-Hispanic white women with late-stage diagnosis equaled 0.057. Taking the regression coefficient on the doctor's office variable (−0.0056) and using the formula for a partial derivative (−0.0056× 0.057×0.942) we found that an increase of one doctor's office lowered the probability of a late-stage diagnosis by 0.03% at the mean probability. It is Table 3 shows the odds ratio estimations for each city in 1990 and 2000. Increased age and being unmarried increases the likelihood of a late-stage diagnosis and these findings were consistent across models. The significance of estimates for In 1990, women living in high-poverty areas in Detroit had 93% greater odds of receiving a late-stage diagnosis than women in low-poverty neighborhoods. In 2000, residence in high poverty was only weakly significant (p=0.056), perhaps due to the small number of late-stage cases who resided in high-poverty census tracts (17 cases). However, in 1990 and 2000, residents of moderately poor areas had 41% and 47% greater odds, respectively, of receiving a late-stage diagnosis than did women who resided in low-poverty areas. In 1990, race/ethnicity had not been a significant determinant of late-stage odds in Detroit but by 2000, the odds of black women receiving a late-stage diagnosis increased to 43% and the odds for Asian/Pacific Islander women increased to 136% more likely than the odds for white women. In Detroit, an increase of one doctor's office decreased odds of a late-stage diagnosis by 0.09% at the mean probability. Table 1 reveals that relative to the other two cities, Detroit registered the smallest mean number of doctors found within a census tract.
The map of Detroit shown in Figure 2 illustrates the distribution of primary care doctor's offices among the three levels of poverty in the Detroit SEER area in 2000. In Detroit, 75% of high-poverty tracts, 65% of moderate-poverty tracts and 34% of low-poverty tracts had no primary care doctors' offices at all.
DISCUSSION
Late-stage breast cancer rates declined from 8% to 6% in the three-city model between 1990 and 2000. We tested whether late-stage rates continued to be associated with increasing poverty levels in 2000 as they were in 1990. Even though the percentage of all cases residing in high-poverty areas declined from 4% in 1990 to 1% in 2000, the odds of a late-stage diagnosis for women living in these areas remained high. Unwin, in a discussion of the limitations of economic growth as a solution to "extreme poverty," argued that relative poverty is a better measure than absolute poverty because "the greatest poverty is found where there are the greatest differences in income levels, or access to resources." 33 (p. 937) Social processes of exclusion give rise to health inequalities and we see that in the findings on our residential poverty measures.
The economic geography of uneven development within urban areas over the last 40 years reveals an increased spatial segregation and economic isolation of the urban poor. 34 Using a simple poverty measure that distinguished areas within our three cities by level of poverty, we found that greater relative poverty is the persistent context for late-stage diagnosis. Our results are concordant with MacKinnon et al., 35 who found residing in high-poverty areas in Florida was significantly associated with late-stage diagnosis of breast cancer. However, they did not find urbanization at the county level had much of an effect on the late-stage incidence and poverty gradient.
Odds ratios from the regressions for specific cities affirm that combining data across cities may not reveal existing disparities across residential poverty levels and racial/ethnic groups. Findings show residents of moderately poor areas in San Francisco and Detroit had heightened odds of a late-stage diagnosis when compared to women living in low-poverty neighborhoods in both 1990 and 2000. Yet, in Atlanta, residential poverty was not associated with late stage. Asian and Pacific Islanders in San Francisco had higher odds of late-stage disease in 1990 relative to whites, but by 2000, race or ethnicity was not significant. In Atlanta, both in 1990 and 2000, black women were more likely to receive a late-stage diagnosis when compared to whites. In Detroit, the odds faced by black women and Asian and Pacific Islanders were significantly higher than those facing whites in 2000, but race and ethnicity were not significant in 1990. Mobley et al. 20 found similar heterogeneity when estimates from pooling samples from many states were compared with those taken at the individual state level. The pooled estimates gave misleading information on the use of mammography services and on race and place effects in black-white utilization rates.
Our finding on higher odds facing black women in 2000 in Detroit is supported by Dai's 36 study. She established that populations with low socioeconomic status who lived in areas with greater black segregation and limited access to mammography experienced higher rates of late diagnosis. 36 Although her study did not include an individual-level race variable, her findings did show the negative impact on diagnostic stage of living in areas with higher levels of black segregation, economic disadvantage, and limited access to healthcare. Schulz et al. 37 also found that the residential segregation of African Americans in Detroit negatively impacted their ability to access healthcare resources. However, our findings that Asian/Pacific Islanders living in Detroit are at greater risk of a late-stage diagnosis is not well documented and requires further research.
The elevated likelihood of a late-stage diagnosis for women residing in increasing poverty areas may signal inconveniently located screening services, high costs of mammography, inadequacies in insurance coverage, or incomplete information on breast cancer prevention and follow-up treatment among residents, just to name a few possibilities. A study of Chicago mammography facilities by Tarlov et al. 38 revealed that homicide rates in facility locations were associated with late-stage breast cancer diagnosis. This study shows how including relevant neighborhood characteristics in a regression analysis can improve our understanding of how access to healthcare resources is impeded.
We found an increase in the number of neighborhood primary care doctors' offices was associated with decreased odds of late-stage diagnosis for Detroit women and for white women in the three-city model. Otherwise, this factor was not significant in our tests. Greater variation in access to primary care doctors in the residential location of white women might help explain these findings. Given the extreme racial segregation characterizing Detroit and the general lack of physician offices in the areas where blacks are concentrated, the significance of primary care doctors' offices for women in this city may be driven by the residential distribution of white women. While there is variation among white women in their access to primary care doctors, there is little variation among black women. As noted above, 75% of high-poverty census tracts, where black residents are concentrated, have no doctors' offices.
Metro Detroit is "highly stratified along racial and ethnic lines, with blacks largely confined to the central city and its close-in suburbs to the north" and "the ability to access goods and services in Detroit is defined by this racial-ethnic stratification". 39 As we saw in Figure 2 , access to primary care physicians is inadequate in the central city. And it is largely non-Hispanic blacks who are affected by the absence of primary care resources here. Urban areas characterized by higher poverty levels have a lower population density relative to low-poverty areas. Physicians set up practices where they can establish optimal caseloads to cover practice costs. 40 This helps explain why there are fewer primary care practices in poorer neighborhoods.
The patterns of unequal distribution of primary care physicians we observed in Detroit and associated implications for population health have been noted in other studies. Prinz and Soffel's study of low-income neighborhoods in New York City 41 found that the number of physicians in private practice was small, causing lowincome communities to be heavily dependent on hospital outpatient departments, community health centers, and hospital satellite clinics. And physicians are significantly less likely to be Medicaid participants in areas that are racially segregated or where the poor are nonwhite, 42 thereby attenuating access problems. Despite the limited significance of primary care doctor's offices in our overall results, researchers need to exploit existing data to better quantify the association between the supply of generalists and breast cancer stage at detection.
CONCLUSIONS
Policy interventions are effective only when they are tailored to the specific communities and places that need them. Free and low-cost cancer screening programs are important in improving early detection of breast cancer in poor urban communities. 43 One solution to increasing screening rates and decreasing late-stage diagnoses would be to provide access to organized screening programs to all women 50 and older. Organized programs are in force in other developed countries and have shown promise in the USA, 44 but are not widely used. 12, 45 Disparities in access to primary care doctors could be managed if expansion of the primary care physician workforce is coupled with support or financial incentives to encourage the location of practices in underserved urban areas. 46 Interventions should target impoverished urban areas for receipt of breast cancer screening resources. In Detroit, this would mean direct investment to increase the number of primary care physicians located in poorer neighborhoods.
